Abstract. The aim of the study was to compare the composition of wastewater from the facility producing fruit and vegetable juices and dairy processing plant in Podlasie province. Their composition is also influenced by processes of washing and disinfecting of production lines. The washing process moves solid, colloidal, and dissolved impurities to the wastewater, depending on the type of raw material processed and the technological process used. At the same time, cleaning and disinfecting components at the amounts difficult to determine, penetrate the wastewater. The seasonal oscillations in the quantity and quality of sewage composition originating from fruit-vegetable and dairy processing became a problem for many conventional wastewater treatment plants, to where they are discharged. Based on the survey, it was found that wastewater from the fruit and vegetable industry as well as dairy industry contained large amounts of organic matter expressed in BOD 5 (fruits and vegetables processing from 860 to 3 200mg O 2 /dm 3 , dairy from 1 410 to 3 850 mgO 2 /dm 3 ) and COD (fruits and vegetables processing from 919 to 3 700 mgO 2 /dm 3 , dairy from 1 680 to 5 420 mgO 2 /dm 3 ). Significant differences were found in concentrations of nitrogen and phosphorus in compared raw wastewater.
Introduction
Food industry companies with the specifics of individual branches can be a source of many threats for all elements of the environment -soil, water, air, plants, animals, and humans. The food industry is part of the national economy department, which is engaged in the acquisition and processing of natural resources, and is one of the links in the food economy composed of many members closely related to one another [1] . It includes fruit and vegetable sector as well as dairy facilities producing a wide range of products, which occupy a central place in the food economy. Its aim is to satisfy people's basic needs, which are determined by the needs of a consumer and the needs and opportunities, especially in agriculture. Their common feature is the strong differentiation: there can be both preprocessing of agricultural products, and obtaining products with high degree of processing. The chemical composition of wastewater is very diverse, in its deposit mass consists of organic and inorganic compounds. The aim of the paper is to compare the composition of the raw sewage from dairy as well as fruit and vegetable industry. It was observed that the seasonal variations in quality of wastewater from the food industry have become a problem for many conventional sewage treatment plants, where they are discharged.
Characteristics of raw sewage from the fruit and vegetable as well as dairy industry
Fruit and vegetable production is characterized by seasonal campaigns, that fall mainly from June to October [2, 3] . Activities in the processing and preservation of fruits and vegetables was shown by 88% of entities, while the remaining 12% was the production of juices and beverages [4] . Due to the nature and variety of processed raw material, wastewater from fruit and vegetable industry are difficult to characterize [5] . Most wastewater is produced in the first stage of manufacture. Wastewater generated from washing the fruits and vegetables are typically used once. In industry, water consumed in the first stage is preliminarily purified on a sieve and discharged to drain after washing the whole lot of fruits and vegetables, and then replaced with new water portions. In opinion by Nawirska [5] , wastewater from fruit and vegetables plants are characterized by a high content of carbohydrates and minerals as well as variable composition depending on the raw material processed or time of the year [5] . Their composition is also affected by the processes of cleaning and disinfection of production lines. The washing process moves solid, colloidal and dissolved contamination to the wastewater depending on the type of raw material processed as well as on the process used. At the same time the sewage receives difficult to determine amounts of various components of detergents and disinfectants. Depending on wastewater generation place, following can be distinguished: raw material washing, cleaning, peeling, blanching, cooling (water after cooling), filling. The composition and amount of wastewater also depend on: the type, quality, settings, and size of dishwashers, type and origin of the raw material [6, 7] . Wastewater generated during production of fruit concentrates are characterized by a pH values at the range from 5.8 to 9.4 and the COD value from 1 030 up to 5 630 mgO 2 /dm 3 [8] . In plants producing varied assortment, e.g. salads, pulps, or pickles, the pH can range from 4.9 to 7.7, while COD value from 5 260 to 270 mgO 2 /dm 3 . These values depend on the production technology and currently processed assortment [8] . Wastewater from the fruit and vegetable production is low in nitrogen and its main impurity is an organic matter. According to the literature, BOD 5 value ranges from 500 to 5 000 mgO 2 /dm 3 , and during the intensive production, it even exceeds 5 000 mgO 2 /dm 3 [2, [9] [10] [11] . These levels are much higher than in household sewage [2, 12, 13] . Composition of wastewater produced in dairy processing plants depends primarily on the production profile. Other factors influencing the load of wastewater are raw materials used, technological level of the facility, processes of cleaning and disinfection, and the amount of water used [14, 15] . Dairy wastewater are characterized by high loads of COD and BOD 5 (fats, sugars, proteins), great qualitative variability (production line washing stage) [16, 17, 18, 19] . According to literature data, dairy waste from all production lines can be purified altogether [20] . Composition of wastewater produced in the dairy processing plants depends mainly on the type of production and seasonality. There has been nearly 20% increase in supplied material in relation to the annual average in the summer and decrease in winter. Other factors influencing the composition and load of wastewater are raw materials used, technological level of the plant, processes of cleaning and disinfection, and the amount of water consumed. The second type of wastewater produced in dairy facilities are non-production sewage, among others, sanitary, post-cooling, storm, which are usually combined with the production wastewater and purified together [19, 23] . Among plants that process milk, following should be distinguished: milk receiving points, small dairy plants (producing pasteurized milk, sour cream, kefir, yogurt, cottage cheese), as well as medium and large dairies with extended or full production profile (additionally producing melted and long maturing cheese, butter, powdered milk, ice cream) [21] . Typical dairy plant in Poland discharges contaminations of an average BOD 5 about 1167 mgO 2 /dm 3 and COD 2077 mgO 2 /dm 3 [22, 23] . Among dairy processing facilities, there are also objects discharging over 5000 m 3 /d wastewater, in which BOD 5 value reaches 6000 mgO 2 /dm 3 , and COD 9000 mgO 2 /dm 3 [22, 23] . Literature data show that the pH of wastewater depends on the type of production in a plant, and ranges from 6.4 to 7.6 [13] . According to Dąbrowski, nitrogen and phosphorus concentrations in dairy wastewater mainly depends on the quantity of chemicals used during the cleaning of devices in dairy plants [24] .
Materials and Methods
The study was conducted in the laboratories of the Department of Technology in Engineering and Environmental Protection. Samples of raw sewage were collected 4 times a month from May to July in 2016 from two facilities located in Podlasie province. Facility A -processing of fruit and vegetables, producing mainly juice of fruit and vegetable purée, as well as facility B -dairy, in which the main products were hard cheese, yogurt and cottage cheese. The collected samples of raw sewage were subject to determinations of the following items in accordance with the current methodology: -COD Cr -dichromate method according to PN-74/C-04578.03; -BOD 5 -manometric method using Oxi-Top Standard system; -P tot . 
Results
Wastewater from the fruits and vegetables and dairy processing (Table 1) were characterized, in comparison to municipal wastewater from collecting sewage, by many times higher values of BOD 5 and COD Cr and comparable levels of nitrogen and phosphorus. Figure 1 shows variable volume fraction of wastewater from the fruit and vegetable as well as dairy industry since May to July 2016. The smallest volume of wastewater at fruit and vegetable processing plant, amounting to 6 322 m 3 , was recorded in May, while the largest in July (16 527m 3 ). In dairy processing facility, the smallest volume of wastewater was recorded in May -20 091m 3 , while the largest in July -22 800m 3 . A significant increase in the volume of wastewater (more than 2-fold) was observed during the summer season for the plant producing fruit and vegetable juices (Figure 1 ). This is due to seasonal work in this type of production plant. The scope of changes in BOD 5 and COD values from May to July is presented in Table 1 . Calculations show that the ratio of COD to BOD 5 for raw sewage in analyzed facilities is less than 2, which indicates that the wastewater is easily biodegradable. Figure 2 shows the range of variation of the average monthly values of COD and BOD 5 values in raw sewage in 2016 for the plant producing fruit and vegetable juices and other products as well as for dairy processing plant. The highest load of COD in raw sewage was reported in the dairy in July, amounting to 123 000 kg, while the lowest in May, 5 809 kg, for fruits and vegetables processing plant. The maximum monthly load for BOD 5 in raw sewage was observed in July with a value of 88 920 kg for dairy, whereas the lowest in May 5 436 kg in the fruit and vegetable facility. Figure 3 shows the average monthly change in the load of total nitrogen and total phosphorus in raw sewage. The lowest value of the total nitrogen load was recorded for fruit and vegetable processing plant in May, 252 kg, while the maximum of 991 kg in July. In the dairy facility, the lowest value of total nitrogen load was recorded in June -1 487 kg and the highest, 1 983 kg, in July. Given the load of total phosphorus, it increased from 59 kg in May to 264 kg in July in fruit and vegetable processing plant. In the dairy, the lowest value of total phosphorus load was observed in May -252 kg and the highest in July -501 kg. The highest monthly average value of COD concentrations for processing plants were recorded in July: dairy -5 420 mg O 2 /dm 3 3 for dairy in May, while the highest was recorded in July with a value of 420 mg/dm 3 for the processing of fruits and vegetables (Table 1 ). An analysis of monthly average concentrations of total nitrogen and total phosphorus in the raw wastewater from the fruit and vegetable as well as dairy processing, reveals that the highest value of total nitrogen, 87 mgN/dm 3 was recorded in July for dairy plant, while the lowest value, 40.0 mgN/dm 3 , in May for juice production. The highest concentration of total phosphorus in raw sewage was 22.0 mg P/dm 3 in July in the dairy, and in May, more than 2 times lower amounting to 9.4 mg P/dm 3 in the plant processing fruits and vegetables. It has been observed that wastewater directly related to the production of food has a variable pH value from 4.3 up to 9.4 (Table 1) . 
Conclusions
Analysis of determinations allow for the following statements: 1. In the analyzed facilities, the main contaminant was organic matter expressed in COD and BOD 5 . 2. The ratio of COD to BOD 5 for raw wastewater is smaller than 2, which indicates that this sewage is readily biodegradable. 3. There were small variations in the concentrations of total nitrogen and phosphorus resulting from the production profile and chemicals used for the cleaning of equipment in facilities. 4. Significant fluctuations in the quantity and quality of wastewater from the food industry during the production campaigns may represent a problem for many conventional sewage treatment plants, to which they are discharged.
